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T
he FGF receptor gets its multiple phosphorylations not randomly 
but in a strictly ordered sequence, say Cristina Furdul, Erin Lew, 
Joseph Schlessinger, and Karen Anderson (Yale University, New 
Haven, CT). The intermediate phosphorylation states—neither fully off 
nor fully on—may act as members of a carefully controlled activation and 
recruitment pathway.
The Yale group relied on rapid reaction techniques, including time-
resolved mass spectrometry, to catch events that others have missed. They 
saw sequential phosphorylations at ﬁ  ve sites, with an invariant order of 
phosphorylation. For example, every triphosphorylated receptor had the 
same 3 sites phosphorylated.
“The fact that it’s so precise, without any redundancy, suggests it’s 
signiﬁ   cant,” says Schlessinger. The mechanism for ordering is not yet 
known, but one possibility is that phosphorylation at each site simply has 
different kinetics.
One consequence is a stepwise activation of catalysis rate. The ﬁ  rst 
phosphorylation increased the receptor’s catalysis rate 50–100-fold; the 
last increased it a further 10-fold.
In addition, each state “will have 
a lower or higher propensity to activate 
different pathways,” says Anderson. She 
speculates that other tyrosine kinase re-
ceptors that look similar may turn out to have 
very different activation sequences. “That 
order could control the time when each 
downstream signaling module is activated,” 
says Anderson. The different activation 
times may in turn change the way that 
the signaling pathways interact, thus 
producing a different ﬁ  nal outcome. 
Reference: Furdui, C.M., et al. 2006. Mol. 
Cell. 21:711–717.
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E
xtra functional kinetochores can be 
created by overexpressing just a single 
protein, according to Patrick Heun, 
Sylvia Erhardt, Gary Karpen (University of 
California, Berkeley, CA), and colleagues.
The protein, called CENP-A or, in fl  ies, 
CID, makes sense as an initial foundation 
stone for kinetochores. It substitutes for histone 
H3 and thus, of all kinetochore proteins, gets 
closest to the DNA. Human tissue culture cells 
overexpressing CENP-A did not make extra 
kinetochores, possibly because of a shortage of 
other factors. But in fl  y cells the extra CENP-
A incorporated into ectopic chromosomal sites 
and, at some of those sites, recruited inner and 
outer kinetochore proteins, and motor proteins. 
Microtubule connections at these sites appeared 
to be exerting force on the chromosomes and 
caused chromosome breaks and aneuploidy.
Additional factors may be needed to help 
defi  ne kinetochore identity, but “this tells us we 
are on the right track,” says Karpen. He says 
evolution may have tolerated the occasional 
creation of new kinetochores because acentric 
products of chromosome rearrangments need a 
way to be rescued.
Karpen hopes to fi  nd sequences or histone mod-
ifi  cation patterns that favor either ectopic CENP-A 
incorporation or recruitment of other kinetochore 
proteins to these sites. The second challenge will 
be to fi  nd a loading factor specifi  c for CENP-A, in 
the hope of localizing this factor and thus inducing 
kinetochore formation at a specifi  c site. 
Reference: Heun, P., et al. 2006. Dev. Cell. 
10:303–315.
F
rog oocyte nuclei are huge: 100,000 so-
matic nuclei could fi  t inside them. With 
size comes the threat of rupture. Markus 
Bohnsack, Dirk Görlich, and colleagues (Univer-
sität Heidelberg, Germany) fi  nd that these nuclei 
are protected from breakage by a network of in-
tranuclear actin fi  laments.
The German team had previously defi  ned expor-
tin 6 (Exp6) as a nuclear export protein with only one 
known cargo: β-actin. “I asked my post-doc to do 
the most boring experiment—to test if exportin also 
exported α-actin and γ-actin,” says Görlich. “The 
experiment was not just boring but very frustrat-
ing—he couldn’t see any export of any substrate.”
Export failed because Bohnsack was using frog 
oocytes, and this cell type turns off Exp6 production. 
Adding back Exp6 restored actin export but made 
the nuclei so fragile that they could rarely be isolated 
intact. “It was this series of frustrations that got us 
into something very interesting,” says Görlich.
The fragility arose 
because oocytes with 
Exp6 became like all 
other known cell types: 
they no longer accumu-
lated enough actin in 
their nuclei to make actin 
fi   laments. In untreated 
oocytes, however, painstaking fi  xation  revealed 
heavily branched nuclear actin fi  laments.
One oocyte nucleus is packed with a huge 
store of proteins, including enough histones for 
the DNA of  15,000 cells. The resulting gigan-
tic size and fragility are counteracted by a fi  la-
mentous network that restores sturdiness. Görlich 
now hopes to reconstitute the network formation 
in vitro, and to identify the proteins that help 
actin to form this structure. 
Reference: Bohnsack, M.T., et al. 2006. Nat. Cell Biol. 
8:257–263.
Five phosphorylations of the FGF 
receptor occur in a strict order.
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Overproduced CENP-A (green) induces an ectopic 
kinetochore (blue) with attached microtubule (red).
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